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Collisionless shocks are believed to be a dominant source of cosmic rays
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Weibel instability is seen as a leading mechanism for shock formation
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Weibel instability is seen as a leading mechanism for shock formation
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High Mach # plasma flows can be created by laser ablation
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Ab initio simulations predict generation of strong Weibel B-fields
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Radiography demonstrates generation of filamentary Weibel B-fields
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Proton deflection at 3 MeV vs. 14.7 MeV indicates magnetic fields
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Our measurements show non-linear development of instability
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Simulations and experimental measurements indicate
magnetization of 1%, consistent with astrophysical shocks
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Large interpenetration region (~500 c/wyi) is needed for shock formation
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Initial set of experiments on NIF to develop collisionless shocks platform

150 - 250 kJ per target
6 mm apart
Fe/Ni (0.1%) doped CD/CH foils
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Initial set of experiments on NIF to develop collisionless shocks platform
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Initial set of experiments on NIF to develop collisionless shocks platform
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Initial set of experiments on NIF to develop collisionless shocks platform
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High-quality data hints at shock formation

Strong heating and proton emission Stagnation and neutron yield hint at

from central region
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Inferred plasma density per flow ne ~ 2x102° cm-3
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Discrepancy between Yn & Yp suggests strong B-fields
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B Difference in Yn for CD/CD, CD/CH, and CD shows that
thermalization/shock formation occurs in interaction region

B Relatively low velocities and high densities suggest collisional
effects are important (Amfp ~ 0.5 mm)

B Ypis ~50% less than Yn indicating that strong B-fields are present in
interaction region (> 5 T)

F. Fiuza | February 9 | NIF/JLF User Meeting 2015



Simulations show presence of B-fields in collisional/collisionless transition
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B Plans for collisionless shock studies on NIF
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Radiography allows characterization of shock B-fields

B-field evolution of NIF experiment
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Conclusions

B HED laboratory astrophysics can shed light into fundamental long-standing
problems: collisionless shocks, life cycle of magnetic fields, cosmic ray acceleration

B We have demonstrated generation of Weibel instability and 1% magnetization on
Omega experiments

B We have successfully developed an experimental and modeling platform to study
the physics of collisionless shocks on NIF

B Upcoming NIF experiments can answer critical open questions:

® Conditions for formation of collisionless shocks
B Generation of magnetic field turbulence in shocks

B Particle acceleration
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NIF experiment on Oct 22, 2014
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Good agreement between theory and simulations
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Magnetization levels >1% are reached
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For a supernova remnant shock (v ~ 0.1 c,n = | cm™) our results show

that B-fields as high as 4 mG are generated
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SRF and mag-p TOF will be used to measure proton spectrum
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